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Techniques for Species Comparison in Violets 
By NORMAN H. RUSSELL 
In the course of research on the taxonomy and evolution of 
various species of violets during the past ten years several tech-
niques have been used which have proven effective in compari-
son of total species differences among wild violets. Two of these 
techniques are described below. 
LEAF SHAPE 
An accurate mathematical description of the shape of a leaf 
would be of considerable value to the student of morphological 
variation but is usually very difficult to achieve because of the 
irregular shapes of most leaves. If a leaf were exactly circular 
or square in outline no difficulty would be presented, but these 
and similar geometric shapes are rarely approximated. 
The majority of the violets have cordate leaves (ovate leaves 
with cordate bases), a shape characteristic of the .leaves of many 
other plants. The shape of this kind of leaf, as well as that of 
some other types, is usually measured or demonstrated by a "length 
to breadth ratio", this generally meaning the length along the 
midrib (shortest length) over the breadth at the widest part of 
the blade (greatest breadth) (see Woodson 1947, for example). 
Admittedly this is only an approximation, and the more irregular 
the leaf margin the less satisfactory it becomes. It docs not take 
into account such features as the vertical location of the widest 
part of the blade (whether or not it is ovate or obovate, for exam-
ple), the nature of the base of the blade ( cuneate, truncate, or 
cordate), or the degree of attenuateness of the distal portion. 
Woodson ( 194-7), the present author (Russell 1955a, 1955b), 
and others have used additional measurements to add to the ac-
curacy of mathematical portrayal of leaf shape. An apical angle 
and a basal angle of the leaf blade have been measured (see Rus-
sell in press) for a closer analysis of leaf form, and, in cordate 
leaves, I have also measured the distance from the leaf apex to 
one of the lobes and contrasted this with the midrib length to 
illustrate lobe development of the leaves (Russell, 1955b). Hub-
bard ( 1955) has measured the total leaf perimeter of dissected 
violet leaves for comparison with entire-leaved species. 
A very accurate, though somewhat cumbersome, technique was 
developed by the author together with Dr. Gerald B. Ownbey of 
the University of Minnesota, while the author was studying the 
stemless white violets. This was devised after trying a number 
of combinations of measurements and indices and involves the 
measurement of four separate angles and one straight line on the 
lamina. In Fig. la the measurements are illustrated, and in Fig. 
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Fig. 1. Sketch of a typical cordate violet leaf, showing the 5 measurements referred to 
in the text. 
Figs. 2-11 Pictorialized scatter diagrams for population samples of ten species of Violets 
from New York state, Further explanation in text. · 
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lb an ideogram has been prepared from the measurements of 
Fig. la. Complete visualization of the measured leaf from the 
ideogram involves only some familiarity with the general shape 
of violet leaves, and this has been tested a number of times with 
convincing success. 
The method has been used only a few times by the present 
author because it demands excellent material, preferably of large-
leaved species. Measurements have been made with a small cellu-
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loid protractor. The method is presently being used to a limited 
extent on stemless blue violet populations. 
POPULATION COMPARISONS 
During the summer of 1953, while a resident. fell~w at the 
Edmund Niles Huyck Preserve near Rensselaerville m eastern 
New York the ·author made a large number of population sam-
ples of te~ different species of acaulescent violets. Comparisons 
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of these stemless species using single characters is often un-
satisfactory, due to morphological overlap. Other characters as 
petal color, which do not overlap, were not available on the 
summer plants. Therefore, in effectively separating the violets, 
combinations of several characters must be used. 
An interesting and highly visual technique devised by Ander-
son ( 1949) for the demonstration and analysis of introgression 
is the construction of pictorialized scatter diagrams. This tech-
nique has had considerable use in hybridization studies. That its 
uses need not be limited to the demonstration of introgression 
can be illustrated in the pre5ent paper. Six characteristics (and 
the relation between length and breadth making a seventh) were 
plotted on a single graph for each population of each species, and 
the results are seen in Figs. 2-11. These diagrams were made 
by taking the average measurements for each population for each 
of the characters listed below. On each graph lamina length is 
plotted on the vertical scale, lamina breadth on the horizontal 
scale. Each circle on the graph represents a population. The color-
ing of the circle and the direction and length of the appendages 
denote other characteristics as follows: 
Lamina Pubescence: 
0 - Glabrous 
~ - Pubescent above only 
~ - Pubescent below only 
I - Pubescent both sides 
Apical ~: 
0 - 179 - 33° 
6 - 34° - 49° 
b - 50° - 65° 
~ length/length ~ ~: 
0 - 0.65 ,_ 0.75 
cf - 0.76 - o.85 
rf _ o.86 - 0.95 
0 - 9 - 15 
'o - 16 - 21 
"ti - 22 - 27 
The ten graphs show, as would be expected, morphological 
similarities between certain species, but the populations of each 
species have very distinct overall appearances. 
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